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Abstract. Interpreting the J/ψ suppression reported in nucleus–nucleus collisions at SPS and RHIC re-
quires the quantitative understanding of cold nuclear matter effects, such as the inelastic rescattering of
J/ψ states in nuclei or the nuclear modification of parton densities. With respect to our former Glauber
analysis, we include in the present work the new PHENIX d–Au measurements, and analyze as well all
existing data using the EPS08 nuclear parton densities recently released. The largest suppression reported
in the new PHENIX analysis leads in turn to an increase of σ
J/ψN
from 3.5± 0.3 mb to 5.4± 2.5 mb using
proton PDF. The stronger x-dependence of the GA/Gp ratio in EPS08 as compared to e.g. EKS98 shifts
the cross section towards larger values at fixed target energies (x2 ∼ 0.1) while decreasing somehow the
value extracted at RHIC (x2 ∼ 10
−2).
PACS. PACS-key discribing text of that key – PACS-key discribing text of that key
1 Introduction
The suppression of heavy-quark bound states in heavy-ion
collisions due to Debye screening is known to be a sensitive
probe for quark-gluon plasma (QGP) formation [1]. How-
ever, reactions involving heavy nuclei introduce “cold” nu-
clear effects which are not due to QGP formation but that
affect J/ψ production nonetheless. Among them, the nu-
clear modification of the parton densities (nPDF) may
play a role in the nuclear dependence of J/ψ production.
Another effect is the inelastic rescattering of the J/ψ state
in a nuclear matter, the so-called nuclear absorption. It is
therefore crucial to have a quantitative understanding of
these cold nuclear effects in order to get a quantitative
understanding of the J/ψ suppression reported in heavy
systems at SPS [2,3] and RHIC [4] and, therefore, a reli-
able to interpretation of the observed suppression.
Nuclear absorption is expected to be the dominant
source of J/ψ suppression not only in peripheral heavy
nucleus-nucleus (AA) collisions but also in hadron(photon)–
nucleus reactions, which are dominantly sensitive to cold
nuclear effects. Experimentally, a large variety of J/ψ pro-
duction off nuclear targets have been measured at various
colliding energies (SPS [5,6,7], FNAL [8,9,10,11], HERA-
B [12], RHIC [13], SLAC [14] and NMC [15]). A global
analysis of all available measurements of J/ψ production
in nuclear target allows for a study of nuclear absorption
effects and to quantify the strength of that mechanism,
monitored essentially by one physical parameter, the J/ψ-
nucleon inelastic cross section, σ
J/ψN
. In the following, the
extraction of σ
J/ψN
assuming nuclear parton modifications
is presented within the framework used in a previous anal-
ysis [16].
In this paper, the most recent measurements performed
by the PHENIX experiment in d–Au collisions [17] are
analyzed. Moreover, additional results using the EPS08
nPDF parametrization [18] are given.
2 Extracting σ
J/ψN
This section gives a brief description of the method fol-
lowed in this analysis: the model used to describe the data
selected, the nuclear parton distribution implementation,
the data sets and finally the fitting method. A more de-
tailed description of the method can be found in [16].
2.1 Model
The various J/ψ production channels in the different re-
actions in the data sample are the following:
(p, p¯, π+, π−, γ∗) + A→ J/ψ +X (1)
The J/ψ production cross section σprod
J/ψN
in hadronic colli-
sions is determined within the Colour EvaporationModel [19]
(CEM) at leading order (LO). The PDF in the hadron pro-
jectiles are taken from the LO parametrization SMRS for
the pion [20] and CTEQ6L for the (anti)proton [21]. Since
only cross section ratios are analyzed in the following, the
results from this analysis are almost independent on the
specific choice of the proton PDF parametrization.
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The survival probability Sabs(A, σJ/ψN) of J/ψ states
propagating in a nucleus A – i.e. the probability for no
inelastic interaction – is given in the Glauber model by [22]
Sabs(A, σJ/ψN) =
1
(A− 1) σ
J/ψN
×
∫
db
(
1− e−(1−1/A) TA (b) σJ/ψN
)
.(2)
with the thickness function T
A
(b)
T
A
(b) =
∫ +∞
−∞
d z ρ(b, z). (3)
It depends on the atomic mass number A of the nu-
cleus and the J/ψ–N inelastic cross-section, σ
J/ψN
. The
observed J/ψ production as a function of the longitudinal
momentum fraction x, then is:
dσ
J/ψN
dx
= Sabs(A , σJ/ψN)×
dσprod
J/ψN
dx
, (4)
In this current analysis, the cross section ratios Rth of
heavy (A) to light (B) nuclei are considered:
Rth(σ
J/ψN
) =
B
A
dσ(h, γ∗A→ J/ψX)/dx
dσ(h, γ∗B→ J/ψX)/dx (5)
Note that since only ratios of cross sections at the same
energy are used, most uncertainties regarding the J/ψ pro-
duction cross sections cancel.
It is worthwhile to note that formation-time effects are
neglected, in the sense that the question of which state
actually propagates through the nuclear matter is not ad-
dressed. Also, the feed down from higher mass resonances
is not taken into account. Consequently, σ
J/ψN
has to be
seen as an effective absorption parameter resulting from
an average of the cc¯ and J/ψ, χc and ψ
′ interaction with
nucleons, rather than the genuine J/ψ–N inelastic cross
section.
2.1.1 Nuclear parton distributions
Partons in bound nucleons show noticeably different mo-
mentum distributions as compared to those in free pro-
tons. This modification is quantified by R(x,Q2, A) as a
function of Bjorken variable, the square of the momen-
tum transfer Q2 and the nucleus size A in the following
formula :
Ri(x,Q
2, A) = fAi (x,Q
2) / Afpi (x,Q
2) (6)
where fi and f
A
i describe respectively the distribution of
parton i in a proton and in a nucleus.
Since J/ψ is predominantly produced via gluon fusion
in p–A collisions1 at high energy (
√
spA >20 GeV) its pro-
duction is affected by the modification of the gluon distri-
bution in nuclei. Several DGLAP analyses [23,24,25] aim
1 In pi±–A and p¯–A collisions, the scattering of a valence
antiquark from the projectile with a valence quark from the
target is favoured.
10-5 10-4 10-3 10-2 10-1
x
0.4
0.6
0.8
1
1.2
R
gA
u  
(x,
 Q
2  
=
 
M
J/
Ψ
2  
)
nDS
nDSg
HKN
EKS98
EPS08
Fig. 1. The ratio of the gluon distribution in a gold nucleus
over that in a proton, RAug (x,M
2
J/ψ), plotted as a function of
the Bjorken variable using the nDS, nDSg [23], EKS98 [25],
HKN [24] and EPS08 [18] parametrizations. The bands in-
dicate the typical x-range probed by J/ψ production in the
NMC, SPS, FNAL, HERA-B, and RHIC experiments (top to
bottom).
at the extraction of the ratios Ri(x,Q
2,A) from DIS and
Drell-Yan data. However, given the indirect constraints
in the gluon sector (through scaling violations), the ratio
Rg is poorly determined. Figure 1 shows the gluon dis-
tribution in a Au nucleus with various parametrizations
available as a function of x.
The shaded band area shows the kinematic range of
the J/ψ production (at LO) for various experiments, NMC
(green), SPS (blue), FNAL (red), HERA-B (orange) and
RHIC (purple), from top to bottom. One can observe that
J/ψ production is affected by mainly two effects, the anti-
shadowing (RAug > 1 at 2–5 × 10−2 . x . 0.3) for SPS,
FNAL and HERA-B and the shadowing effect (RAug < 1
at x . 10−2) at RHIC. A strong anti-shadowing effect
increases J/ψ production in nuclei with respect to the
(binary scaled) production in p–p collisions, leading to a
cross-section ratio larger than 1. This enhanced produc-
tion will in turn be compensated by an increase of the
fitted nuclear absorption cross section (SPS, FNAL and
HERA-B). Conversely, a strong shadowing effect tends to
deplete the nuclear absorption cross section (RHIC en-
ergy).
In this work, the EPS08 parametrization (magenta,
dotted-dashed-dashed line) is added in the analysis. This
nPDF set exhibits a strong anti-shadowing effect in com-
parison with the previous EKS98 distributions, and the
anti-shadowing region is also slightly shifted to higher x
values (2 × 10−2 < x < 0.3). In addition, the shadowing
effect is much stronger than in EKS98, due to the inclu-
sion in the analysis of these authors of the recent RHIC
data.
2.2 Data sets
Since factorization between J/ψ production and the sub-
sequent inelastic interaction is assumed in the present
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analysis, both hadroproduction (using pion, proton, an-
tiproton and deuterium beams) and leptoproduction data
are analyzed.
The detailed data selection list can be found in [16].
Concerning hadroproduction measurements, the projec-
tiles used were mainly protons (NA3, NA38, NA50, E866,
HERA-B, PHENIX), but also pions (E537, NA3, E672),
antiprotons (E537), and deuterium nuclei (PHENIX). The
range of colliding energy is
√
sNN = 15–200 GeV.
As mentioned previously, PHENIX data have been re-
analyzed [17], the measurements in d–Au are now normal-
ized with respect to higher-statistics p–p collisions mea-
surements performed at positive/negative rapidity instead
of an average of measurements at positive/negative rapid-
ity. The Rexp ratios are now smaller than in the previous
analysis [4] for each rapidity region. Concerning the uncer-
tainties, the precise p–pmeasurements also lead to slightly
smaller statistical uncertainties. However, since the data
are not taken during the same year and with the same
configuration, the systematic uncertainties which used to
cancel in the ratio are now larger.
As for leptoproduction experiments, the NMC data [15]
are selected. The virtual-photon energy ν ranges from 40
to 240 GeV in the laboratory frame, corresponding to
γ∗–N centre-of-mass energies
√
s = 8–21 GeV and the
Bjorken-x range probed in the gluon distributions of the
nuclear targets is x = 0.05–0.15 in the NMC kinematics.
After the data selection, the Rexp ratios of heavy (A)
to light (B) nuclei are determined and compared to the
Rth ratios. In order to avoid too large systematic errors in
the experimental ratio, both reactions on targets A
i
and
B are required to be taken from the same experiment and
at the same centre-of-mass energy. For each experiment,
the uncertainties on the Rexp ratios are then separated as
follows:
Rexpi ± σi ± β Rexpi (7)
where σi represents the uncorrelated errors (statistical and
the uncorrelated systematic errors, added in quadrature),
and β corresponds to the normalization correlated error,
often coming from the fact that cross sections in different
nuclei are all normalized to the same light target (hence
with an error common to all Ri).
2.3 Fitting method
The J/ψ–N inelastic cross section is extracted, for each
experimental sample ℓ with n
ℓ
data points, from the min-
imization of the χ2
ℓ
function [26]:
χ2
ℓ
(σ
J/ψN
) =
n
ℓ∑
i=1
[
Rexpi −Rthi (σJ/ψN)
σi
]2
− V 2/M, (8)
computed from Eq. (5), depends explicitly on the free, but
positive, parameter, σ
J/ψN
. The correlated normalization
error β, on the data point i enters the V andM in Eq. (8)
through:
V =
n∑
i=1
β Rexpi [R
exp
i −Rthi (σJ/ψN)]
σ2i
,
M = 1 + β2
n∑
i=1
(Rexpi )
2
σ2i
.
The 1σ error δσ
J/ψN
on the fitted parameter σ
J/ψN
is de-
fined so as to increase χ2 by one unit from its minimum:
∆χ2 ≡ χ2(σ
J/ψN
± δσ
J/ψN
)− χ2
min
= 1. (9)
3 Determination of σ
J/ψN
from each
experiment
The analysis using new PHENIX results are compared to
the previous analysis in Table 1. Since the Rexp ratios in
the PHENIX new analysis [17] are smaller than in [4], the
nuclear absorption cross section obtained in this work is
now higher than previously, by roughly 2 mb. The cross
sections now vary from 2.5 ±2.2 mb (with nDSg) to 5.4±
2.5 mb (proton PDF) with various nPDF parametriza-
tions.
The extracted nuclear absorption cross sections us-
ing the EPS08 nPDF parametrization are shown in Ta-
ble 2 for all individual experiments. These results are com-
pared with the results obtained previously in [16] using
the EKS98 parametrization. Because of the more pro-
nounced shadowing in the EPS08 parametrization than
in EKS98, the extracted nuclear absorption cross section
at RHIC energy decreases by ∼ 30%. The anti-shadowing
effect is also more pronounced in the EPS08 parametriza-
tion, leading to an increase by roughly 10–20% of the nu-
clear absorption cross section at the energies of the SPS,
FNAL 2 and HERA-B experiments. Finally, note the sig-
nificant increase (+50%) from EKS98 to EPS08 using the
E866/Nusea data samples. However the large χ2/ndf ≃ 20
obtained is large, as stressed in [27].
The nuclear absorption cross section for PHENIX de-
pends on the strength of shadowing in each nPDF set:
a strong shadowing parametrization leads to a decrease
of the nuclear absorption cross section. On the contrary,
when using a proton PDF or a nPDF with no (or weak)
shadowing effect, the nuclear absorption cross section is
then higher to compensate for the (weak) suppression due
to gluon shadowing.
Since the energy in the J/ψ-nucleon (or cc¯-nucleon)
system, given by
√
s
J/ψN
≃ m
J/ψ
/
√
x
2
, is directly related
to the momentum fraction x2, one could expect the ex-
tracted σ
J/ψN
cross section to be a scaling function of x2.
As discussed in [16], there is no real x2-dependence ob-
served within this framework using a proton distribution,
2 The result obtained using the E672 measurements does not
exhibit this increase, the x region probed (x ∼0.03) lies in the
anti-shadowing region in EKS parametrization while within the
EPS parametrization, this x region is at the boundary of the
shadowing region with a weak effect of the nuclear distribution.
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Table 1. The J/ψ–N cross section extracted from the new re-analyzed PHENIX data versus previous analysis using the proton
and various nuclear parton density parametrizations. The χ2/ndf and the χ2 probability are also shown.
Previous results using [13] New analysis using [17] Absolute change
σ
J/ψN
(mb) χ2/ndf Probability σ
J/ψN
(mb) χ2/ndf Probability
proton 3.5 ± 3.0 1.7 0.79 5.4 ± 2.5 0.84 0.93 +1.9 mb
nDS 3.1 ± 2.6 1.4 0.84 5.1 ± 2.5 0.69 0.95 +2.0 mb
nDSg 0.6 ± 1.9 0.8 0.93 2.5 ± 2.2 0.27 0.99 +1.9 mb
HKN 1.5 ± 2.3 1.3 0.86 3.2 ± 2.3 0.56 0.97 +1.7 mb
EKS98 1.3 ± 2.0 0.6 0.93 3.1 ± 2.2 0.12 1.00 +1.8 mb
EPS08 1.3 ± 2.5 1.5 0.83 2.2 ± 2.2 0.37 0.98 +0.9 mb
Table 2. The J/ψ–N inelastic cross section, χ2/ndf extracted from each data sample using EKS98 and EPS08 parametrizations
for the nuclear PDFs.
Exp. σEKS
J/ψN
(mb) χ2
EKS
/ndf σEPS
J/ψN
(mb) χ2
EPS
/ndf Relative change
E537 8.2 ± 1.1 1.9 9.0 ± 1.2 1.86 +10%
NA3 4.6 ± 0.2 1.2 5.2 ± 0.2 1.32 +13%
NA38 7.9 ± 0.8 3.2 9.0 ± 0.8 3.07 +14%
NA50 6.8 ± 0.5 0.3 7.8 ± 0.5 0.31 +15%
E672 11.6 ± 6.3 0.6 10.0 ± 5.8 0.61 −14%
E866 5.3 ± 1.7 6.5 8.0 ± 3.7 20.4 +51%
HERA-B 4.2 ± 1.5 0.9 5.1 ± 1.5 0.8 +21%
PHENIX 3.1 ± 2.2 0.12 2.2 ± 2.2 0.37 −29%
NMC ≤ 1.6 0.5 ≤ 2.00 0.35 +25%
or using nDS, nDSg, EKS98 and HKN nuclear parton dis-
tribution. For completeness, Figure 2 shows the nuclear
absorption cross section σ
J/ψN
as a function of x2 using
the EPS08 nPDF. In the region of x2 ∼ 0.1, one can
observe that the spread of extracted σ
J/ψN
reported us-
ing the other nPDF sets persists. Interestingly, it also ap-
pears that using EPS08 leads to some decrease of σ
J/ψN
from fixed-target to RHIC energies, indicating possible
formation-time effects at small x2. Also, in the previous
analysis [16], a similar trend has been observed when us-
ing EKS08 parametrization. However, the error bars are
too large to make any firm conclusion for EKS08/EPS08
and other nPDF sets. Note that higher-twist production
mechanisms may very well have a different kinematic de-
pendence; this is for intance for the case for the intrinsic
charm model which naturally exhibits a Feynman-x scal-
ing (see e.g. [28]). However, we expect its contribution to
be small at low |xF | which we consider here.
4 Global fit and discussions
In the following, a global fit is performed assuming that
the σ
J/ψN
dependence on energy is weak. The detailed
method for the global fit is described in [16]. The 1σ error
is rescaled,
δσ¯
J/ψN
= S × δσ
J/ψN
, (10)
where the factor S is defined by:
S ≡
√
χ2
n− 1 if χ
2/ndf > 1, (11)
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Fig. 2. The J/ψ–N cross section extracted from each data set,
using EPS08 (σEPS
J/ψN
) nuclear parton densities as a function of
x2.
with n data points and S ≡ 1 otherwise. The J/ψ–N cross
section is systematically determined from the individual
data samples.
The extracted σ
J/ψN
is then determined from the mini-
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mization of the weighted χ2 function:
χ2(σ
J/ψN
) =
N∑
ℓ=1
S−1
ℓ
χ2
ℓ
(σ
J/ψN
). (12)
with the individual χℓ for each experimental data sam-
ple. This global fit analysis will thus favour data sets
with a small individual χ2/ndf. The results obtained from
this global fit using a proton PDF and various nPDF
parametrizations (nDS, nDSg, HKN, EKS98 and EPS08)
are summarized in Table 3. These results include the re-
cent PHENIX results [17] already mentioned. The χ2/ndf
from these fits varies from 1.4 to 1.7.
The spread of σnPDF
J/ψN
quoted in Table 3 directly reflects
the present lack of knowledge of the (gluon) nuclear den-
sities. Taking the nDS parametrization as the default set,
the cross section extracted in this analysis is:
σ
J/ψN
= 3.5± 0.2 (stat.)± 2.6 (syst.) mb, (13)
where the systematic error quoted here only comes from
the uncertainties of the nPDFs. Clearly, a better deter-
mination of σnPDF
J/ψN
could only be achieved when these are
more tightly constrained by experimental data.
Figure 3 shows the fitted σ
J/ψN
from this work com-
pared to another global analysis (Gerschel and Hu¨fner
(GH) in [29], Kharzeev et al. (KLNS) in Ref. [30]) as well
as with the extracted σ
J/ψN
by NA50 [7] and PHENIX [17]
from their data. Both results by Gerschel and Hu¨fner (GH)
in [29] and Kharzeev et al. (KLNS) in Ref. [30] are sig-
nificantly higher than the σ
J/ψN
cross section presented in
this work. These differences are believed to be mainly due
to the different data sets used in the global analysis. A
more detailed discussion can be found in [16].
 (mb)
-NΨJ/σ
0 2 4 6 8 10 12 14
PRC77, 024912 (2008)
Eur.Phys.J.C48,329(2006)
C.Gerschel and J.Hufner
Z.Phys.C56,171 (92) 
D.Kharzeev et al.
Z.Phys.C74,308(97)
F.Arleo and VN.Tram
Eur. Phys. J.C 55,449-461(2008)
including EPS08
Fig. 3. The J/ψ–N cross section extracted in the global fit in
this work compared to previous analyses.
Compared to NA50 [7] analysis, the σ
J/ψN
extracted
on their measurement is compatible with the individual
σ
J/ψN
extracted from this work using a proton parton dis-
tribution, namely σNA50
J/ψN
= 4.2±0.5 mb vs. 4.7±0.5 mb in
this work. In the new analysis of the PHENIX data [17],
the collaboration also published the value of σ
J/ψN
us-
ing the nDSg and EKS98 parametrizations. The results
are compatible with results presented in this work within
the error bars. When using the EKS98 parametrization,
PHENIX results are 2.8+1.7−1.4 vs. 3.1± 2.2 mb in this work
and when using nDSg, PHENIX results are 2.2+1.6−1.5 mb vs.
2.5± 2.2 mb.
5 Summary
In this work, a re-analysis of the nuclear absorption cross
section using the new PHENIX results within the frame-
work described in [16] is presented. The largest suppres-
sion reported in the new PHENIX analysis leads to an
increase of σ
J/ψN
from 3.5± 0.3 mb to 5.4± 2.5 mb using
the PDF of the proton. The σ
J/ψN
obtained in this work
is also compatible within the uncertainties with the value
determined from the PHENIX analysis of their measure-
ments. It is worthwhile to note that RHIC has provided
high-statistics d–Au collisions during the 2008 year data
taking, and the analysis of this new set of data should
allow for a more precise measurements of the Rexp ratios.
In addition, an analysis of the σ
J/ψN
nuclear absorp-
tion cross section is performed using the EPS08 nPDF set;
it is presented for each individual experiment. The strong
shadowing and anti-shadowing effects described by this
parametrization induce in turn a possible x2 dependence
of the σ
J/ψN
cross section, leading to a smaller nuclear
absorption at low x2 (RHIC energy) and increasing it at
large x2 (SPS, FNAL, HERA-B). However, the discrep-
ancy of the extracted σ
J/ψN
observed at large x (x ∼0.1)
persists. Finally, a global fit including the new PHENIX
results and the EPS08 parametrization is presented in this
work.
References
1. T. Matsui and H. Satz, Phys. Lett. B178 (1986) 416.
2. NA50 Collaboration, M. C. Abreu et al., Phys. Lett. B410
(1997) 337 and B477 (2000) 28.
3. NA60 Collaboration, R. Arnaldi et al., Nucl. Phys. A774
(2006) 711.
4. PHENIX Collaboration, S. S. Adler et al., Phys. Rev.C69
(2004) 014901.
PHENIX Collaboration, A. Adare et al., Phys. Rev. Lett.
98, (2007) 232301.
PHENIX Collaboration, A. Adare et al., arXiv:0801.0220
5. NA3 Collaboration, J. Badier et al., Z. Phys. C20 (1983)
101.
6. NA38 Collaboration, M. C. Abreu et al., Phys. Lett. B444
(1998) 516.
7. NA50 Collaboration, B. Alessandro et al., Eur. Phys. J.
C33 (2004) 31; Eur. Phys. J. C48 (2006) 329
8. E537 Collaboration, S. Katsanevas et al., Phys. Rev. Lett.
60 (1988) 2121.
9. E672 Collaboration, S. Kartik et al., Phys. Rev. D41
(1990) 1.
10. E772 Collaboration, D. M. Alde et al., Phys. Rev. Lett.
66 (1991) 133.
6 Vi-Nham Tram, Franc¸ois Arleo: Global analysis of J/ψ suppression in cold nuclear matter
Table 3. The J/ψ–N cross section extracted from the data using the proton and various nuclear parton density parametrizations.
Proton nDS nDSg EKS98 HKM EPS08
σnPDF
J/ψN
(mb) 3.4 ± 0.2 3.5 ± 0.2 4.0 ± 0.2 5.2 ± 0.2 3.6 ± 0.2 6.0 ± 0.2
χ2/ndf 1.4 1.4 1.5 1.5 1.4 1.7
11. E866 Collaboration, M. J. Leitch et al., Phys. Rev. Lett.
84 (2000) 3256
12. HERA-B Collaboration, U. Husemann, DESY-THESIS-
2005-005.
13. PHENIX Collaboration, S. S. Adler et al., Phys. Rev.
Lett. 96 (2006) 012304
14. SLAC Collaboration, R. L. Anderson et al., Phys. Rev.
Lett. 38 (1977) 263.
15. New Muon Collaboration, P. Amaudruz et al., Nucl.
Phys. B371 (1992) 553.
16. F. Arleo and V.-N. Tram, Eur. Phys. J. C55 (2008) 449.
17. PHENIX Collaboration, A. Adare et al., Phys. Rev.C77,
(2008) 024912.
18. K. J. Eskola, H. Paukkunen, C. A. Salgado, JHEP
0807:102,2008.
19. V. D. Barger, W. Y. Keung and R. J. N. Phillips, Phys.
Lett. B91 (1980) 253 and Z. Phys. C6 (1980) 169.
20. P. J. Sutton, A. D. Martin, R. G. Roberts and W. J. Stir-
ling, Phys. Rev. D45 (1992) 2349.
21. J. Pumplin et al., JHEP 07 (2002) 012
22. A. Capella, J. A. Casado, C. Pajares, A. V. Ramallo and
J. Tran Thanh Van, Phys. Lett. B206 (1988) 354.
23. D. de Florian and R. Sassot, Phys. Rev. D69 (2004)
074028
24. M. Hirai, S. Kumano and M. Miyama, Phys. Rev. D64
(2001) 034003 M. Hirai, S. Kumano and T. H. Nagai, Phys.
Rev. C70 (2004) 044905
25. K. J. Eskola, V. J. Kolhinen and P. V. Ruuskanen, Nucl.
Phys. B535 (1998) 351 K. J. Eskola, V. J. Kolhinen and
C. A. Salgado, Eur. Phys. J. C9 (1999) 61
26. D. Stump et al., Phys. Rev. D65 (2002) 014012
27. F. Arleo, Phys. Lett. B666 (2008) 31.
28. S.J. Brodsky and P. Hoyer, Phys. Rev. Lett. 63 (1989)
1566; S.J. Brodsky, P. Hoyer, A.H. Mueller, W.-K. Tang,
Nucl. Phys. B369 (1992) 519
29. C. Gerschel and J. Hu¨fner, Z. Phys. C56 (1992) 171.
30. D. Kharzeev, C. Lourenc¸o, M. Nardi and H. Satz, Z. Phys.
C74 (1997) 307
